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In an attempt to identify vitamin A and derivatives 
(retinoids) specimens of breast skin epidermis (0.5 g) 
were homogenized, freeze-dried and extracted with chlo-
roform/methanol. The evaporated extract was parti-
tioned repeatedly between petroleum ether and a mix-
ture of ethanol and pH-adjusted water. This yielded 3 
fractions of partially purified retinoids. High-pressure 
liquid chromatography (HPLC) of these fractions re-
vealed the presence of the following retinoids given in 
order of their abundance in the epidermis: retinyl acyl 
esters, retinol, 3-dehydroretinyl acyl esters and retinoic 
acid. Small amounts of other retinoids may also be pres-
ent. In order to obtain quantitative data it was essential 
to add internal retinoid standards and to completely 
hydrolyze the skin in KOH-ethanol before extraction. 
The retinoids were deconjugated by this procedure but, 
with the exception of retinaldehyde, were otherwise un-
changed. The recoveries of the endogenous retinoids at 
HPLC were identical to those of the internal standards. 
The technique was reproducible and could be applied to 
the analysis of nanograms of retinol and dehydroretinol 
in small (10-30 mg) skin specimens. The amounts of 
acidic retinoids were usually below the detection limit 
of the method «10 ng/g) but the approach may be useful 
at the higher levels attained during retinoid therapy. 
It is well established that vitamin A and its analogs (retinoids) 
aTe essential for the maintenance of normal epithelia including 
epidermis [1]. The OCCUlTence of vitamin A in human skin was 
reported already 40 yr ago [2] but the low concentrations 
precluded a conclusive identification of retinol and other reti-
noids were not found. 
In the past few years, considerable progress has been made 
in the microanalysis of retinoids. The development of high-
pressW'e liquid c1U'omatography (HPLC) in pal'ticuhu, has per-
mitted the detection of retinoids with high sensitivity, selectiv-
ity and reliability [3]. Using this technique, both retinol (vi-
tamin AI) and 3-dehydroretinol (vi tamin A~ ) have recently 
been identified in hydrolyzed skin from psoriatic lesions [4]. 
The present report summarizes the investigations undertaken 
to identify various retinoids in lyophilized human epidermis. A 
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procedure for the quantitative analysis of retinoids in hydro-
lyzed skin biopsies is also described. 
MATERIALS AND METHODS 
Shin Specimens 
Breast skin was removed in connection with sw-gery of healthy 
women. The skin was immediately immersed in a cold buffer containing 
0.5 mg/ml of EDTA and ascorbic acid. Thin sheets of superficia l skin 
were prepru'ed using a shave biopsy technique [5] that was cruTied out 
on blotted skin at +4 °C. The samples were stored in the dal'k at -70°C 
un t il processed. In a few cases epidermis was alternatively sepru'ated 
from dermis by heat (50°C; 30 sec) [5]. T hese samples and the super-
ficial skin sheets (containing a little dermis) yie lded identicalrcsults in 
the retinoid assay. Both kinds of samples ru'e referred to as "epidermis" 
in the fo llowing text. 
Reagents a.n.d Solven.ts 
The retinoids (Fig. 1) were either of crystalline punty or purified by 
repeated HPLC until > 95% purity. T he sources of the ret inoids ru'e 
indicated in t he table. The foUowing compounds were synthesized in 
the laboratory: (i) 3-hydroxyretinaldehyde by OsO.,-treatment of zeax-
a nthin [6]. (ii) 3-hyd.roxyretinol by NaBH., treatment of the correspond-
ing aldehyde [7]. (iii) 4-hydl'oxyretinol by LiAIH.,-treatment [8] of Ro 
22-5356 and 4-hydroxyretinoic acid by hydroly is (see below) of Ro 22-
5356. (iv) 13-cis retinol by LiAlH.-treatment of 13-cis retinoic acid [8l-
(v) Several a nhydroretinols were ynthesized by HCI-treatment of the 
corresponding retinols [9]. The absorption spectra of these compounds 
revealed the typical triple maxima [9]. 
Metha nol, chloroform, a nd hexane were spectro-grade reagents from 
Merck, Darmstadt, Germ. Acetonitrile (HPLC-grade) was obtained 
from Rathbul'l1 Chemicals, E ng\. Ethanol (spectro-grade) was obt.ained 
from AB yin och Spritcentralen, Sweden and was distilled over KOH 
prior to use. Petroleum ether (PE) (30-60°C) and anhydrous diethyl 
ether were a nalytical reagents from Mallinlu-odt Inc., St Louis, U.S.A ., 
a nd were used as such after purity tests on HPLC. Since the quality of 
the PE-lots deteriorated at the end of the investigation it was later 
replaced by hexane. 
Trifluoro-acetic acid (TFA) was from Fluka AG, Switz. LiAIH." 
NaBH." OsO. a nd H 20 . (30%), all for synthesis, were from Merck AG. 
The water was deionized and redistilled over glass. All other chemicals 
were of highest quality available. 
HPLC 
Ail Altex Model 110 solvent metering pump equipped with a pu lse-
damper (Altex Scientific Inc., Berkeley, Cal was used in combination 
with a Model 7120 sample injector (Rheodyne, Berkeley, Cal and with 
UV detectors of either type 1203 (360 nm) (LDC, Riviera Beach. 
Florida), or 440 (340/360 nm) (Waters Assoc. Inc., Milford Ma). Double-
pen chart recorders (Lineru' Instr., Irvine, Ca) were fitted with inputs of 
1 or 10 mY. Reversed-phase chromatography was performed on Nu-
cleosil 10 ~l or 5 Il PEAB-ODS (octadecylsilane) (5 X 200 mm) isocrat-
icaUy elu ted at rates of 1.0 or 1.2 ml/min and ambient temperature. 
The following solvents were used: (i) 15-23% 0.01 M acetate buffer pH 
4 in acetonitrile (ii) 15% 0.01 M phosphate buffer pH 7 in acetonitrile 
(iii) 20% chloroform in methanol or (iv) 20% THF in ch loroform. 
Other equipm.ents: A Model 101 spectrophotometer (H itachi Sci. 
Instr., Jpn) with a digital reading unit and a microceU adaptor was used 
for extinction measurements. Spectra were recorded in a Cru'y 219 
double-beam photometer (Vru'ian, Palo Alto, Ca) and in a model 430 
spectrofluorometer (Turner Assoc. , Palo Alto, Cal. Whirlmixers a nd 
test-tube heaters were from Lab-Line Instr., Melrose Park, Ill. Ordinru'y 
bench top centrifuges and an u'·,rasonic water bath was used. Homo-
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FIG 1. Retinoids used or discussed in the paper. The sources were 
(a) Sigma Chemical Co., St Louis, U.S.A.; (b) Synthesis as described 
under Methods; (c) Generous gift fro m Hoffmann-La Roche, Inc. 
genisators were of the Polytron type with rotating knives (Kine matic, 
Switz) or the Potter-Elvehjelm type with fitted T eflon pistons. Glass 
test-tubes with Teflon-lined screwcaps were used. T he tubes were 
cleaned in hot nitric acid and washed repeatedly in water, ethanol, and 
PE. 
Extraction 
Portions of epidermis (0.5 g) were lyophilized overnight a fter exten-
sive homogenization at +4 °C in the dark, essentially as described by 
Ito et al [10]. The lyophilized residue was extracted 4 times with 10 ml 
of chloroform/ methanol (1:1) under nitrogen. After centrifugation, the 
supernatants were combined and evaporated. This material was parti -
tioned between PE and a mixture of ethanol and water at various pH:s. 
Pilot tests with retinol, retinyl acetate and retinoic acid in 50% ethanol 
at pH 12 showed that retinol and retinyl acetate were recovered to 99% 
in the PE phase after 5 min of vigorous mixing. By gradually lowering 
the pH, the recovery 'of retinoic acid in PE increased from 0% to a 
maximum of 90% at pH 4. T he data suggested a pKa of 6.0 for retinoic 
acid. Similarily, a pKa of 6.4 for Ro 10-1670 was indicated by this 
approach. The following procedure was adopted: The sample (lyophi-
lized extracts dissolved in 1 ml 50% ethanol pH 12 or hydrolyzed 
mixtures-see below) was vigorously mixed with 5 ml of PE. After 
centrifugation at 1000 Xg for 2 min PE was collected and the procedure 
repeated with fresh PE. T he combined PE phases were shaken over 
anhydrous Na,SO" and evapOJ'ated to dryness (Fraction A). The re-
mainirig lower phase was titrated to pH 4 with 5 M HCl a nd diluted 
with water to a fi nal ethanol concentration of 25%. T he extractions 
with PE (2X5 ml) were repeated and the upper phases collected and 
evaporated (Fdction B). The remaining lower phase was separately 
evaporated (Fraction C). 
The walls of the evaporation test tubes were rinsed with 0.25 ml of 
chloroform. T he evaporated residue was dissolved in 50 J.t\ of methanol 
with or without 20% of chloroform depending on the HPLC system 
used. After sonication for 4 min this solutivn was transferred to a sma ll 
stoppered plastic tube and stored in the dark. The sample was processed 
directly or within h ours. Precipitations were removed by centri fugation 
and about 30 J.tl of the clear solu tion was applied to HPLC. 
Identification of retinoids 
The different HPLC-systems (see under HPLC) were calibrated with 
pW'e retinoids (see Fig 1) and for each compound the ra tio of the peak 
heights monitored at 340 and 360 nm was determined. The elu t ion 
position and the 340/360 nm peak ratio were used as a preliminary 
identifIcation of tissue retinoids. Further characterization of the appro-
priate HPLC peaks was accomplished by collecting the mate rial and 
subjecting it to one or several of the following analyses: (i) Compamtive 
HPLC at pH 7 and 4 (a characteristic shift in the elu tion posit ion of 
the acidic retinoids occurs when the pH is changed) (1.1). (ii) H ydrolysis 
of the evaporated sam ple ('see below) followed by HPLC as in (i) to 
identify deconjugated retinoids. (iii) Examination of fluorescence and 
absorption spectra in hexane. (iv) Exa mination of the TFA-reaction 
spectrum in chloroform [12]. (v) Reduction of the terminal carboxyl 
group by LiAlH" [8] followed by HPLC identification of the derived 
retinoid. 
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Hydrolysis 
Unless otherwise stated a lka line hydrolysis was performed by dis-
solving the sample (skin or evaporated extracts) in 0.5 ml of etha nol, 
0.1 ml of 80% KOH in water and 0.01 ml of a solu t ion conta ining 
ascorbic acid (I mg), ethylendia mine tetraacetic acid (EDTA) (10 J.tg) 
and butylated hydroxy toluene (BHT) (20 J.tg). The Lubes were nushed 
with nitrogen, sealed and heated to 80°C for 30 min. The hydrolysis 
was termina ted by adding 0.5 ml of cooled redistilled water and the 
retinoids were extracted with PE as outlined above. 
Internal standard: In the qua ntitative experiments, 2 aromatic 
retinoids (Ro 12-0586 a nd Ro 10-1670 of Fig 1) were used as in ternal 
standards for the analysis of nonacidic and ac idic retinoids, respectively. 
The factors for the conversion of peak height values in to weights of 
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FIG 2. HPLC of [Taction A of lyophilized epidermis (see under 
Methods). The positions of some of the retinoid standards are indicated. 
a., Separation of the crude extract dissolved in 20% chloroform-ethanol. 
The column (ODS 10 f.I) was elu ted with 20% THF-acetonitr ile at a 
rate of 1.0 ml /min. The eluted material was collec ted and combined as 
indicated a t the bottom of the figure. b, Separation of subfraction I 
(dissolved in methanol) on a column (ODS 5 f.I) elu ted with 23% H :JO-
aceton itrile at a rate of 1.2 ml/min. c, Separation of a hydrolyzed 
sample of subfraction II on the same column as in Fig 2 b except 
equilibrated with 15% aceta te buffer pH 4-acetonitrile. The monitor 
was operated at 360 nm favoring the detection of dehyd.rol'etinol in 
re lation to retinol. The corresponding peaks from several runs were 
pooled and used for the TFA-analysis (Fig 3). 
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retinoids were derived as described by De Ruyter and De Leenheer 
[13]. Various amounts of retinol , dehydroretinol and retinoic acid were 
added to a skin sample which was then analyzed as described. The peak 
heights of the natuJ"al retinoid (H, ) and the internal standard (H;, ) 
were measured and the HJ H;.-ratio calculated for each compound. 
Working curves for each component relating peak height ratios to mass 
ratio were constructed (see Fig 6). The retinoid concentration in the 
unknown sample could then be calculated from the peak height ratio 
(HxlH;. ). 
Other m.ethods 
The evaporations were performed at 50°C in a stream of nitrogen. 
All work was carried out under dim red light: and whenever possible 
the samples were flushed with nitrogen. The following extinction coef-
ficients (E:"cm) in PE were used: Retinol: 1845 (326 nm); dehydroretinol: 
1460 (352 nm); retinoic acid: 1455 (350 nm); Ro 12-0586: 1600 (327 nm) 
and Ro 10-1670: 1270 (362 nm). 
RESULTS 
Identification-Lyophilized Epidermis 
Extracts of lyophilized epidermis were fractionated by phase 
distribution as described under Methods. Fraction A, containing 
nonacidic-apolar retinoids, was separated by HPLC in 20% 
THF-acetonitrile as shown in Fig 2 a. One peak, indistinguish-
able from retinol, was detected but there were no peaks corre-
sponding to the more hydrophobic standru·ds. Since thjs repre-
sented only a crude separation of the epidermal compounds, 
the eluted material was divided in 2 fractions (I and II of Fig 2 
a) and evaporated for fmther analysis. Subfraction I was re-
chromatographed in a more polar solvent (Fig 2 b). A material 
with an absorption maximum at 330 nm appeared at the posi-
tion of retinol but, in repeated experiments, none of the other 
peaks coincided with those of the standards. Simlar results 
were obtained when the material was hydrolyzed prior to HPLC 
confi.rming the presence of free retinol in fraction A. Subfraction 
II, containing compounds less polar than retinyl acetate, was 
treated with alkali (10% KOH; 50°C) in order to saponify the 
retinoid esters. HPLC of the i·esulting PE extract (Fig 2 c) 
shows distinct peaks indistinguishable from retinol and 3-de-
hydJ·oretinol. The identities of the compounds were confirmed 
by TFA-analysis of the materials collected by repeated HPLC 
(Fig 3). These results imply that the double-peak appearing 
after 16-18 min in the original trace (Fig 2 a) represents 
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FIG 3. TFA-spectra of retinol (A) and dehydroretinol (B) collected 
fTom I-IPLC of Fig 2 c. The TFA-reaction was performed in chloroform 
as outl ined under Methods. Pme all-trans reLinol and dehydroreLinol 
showed absorption max ima at 617 and 684 nm, respectively. 
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FIG 4. HPLC of fraction B of lyophilized epidermis. The crude 
extract was dissolved in methanol and sepru·ated on the same column 
as in Fig 2 c. The elution positions of 2 isomers of retinoic acid and of 
4-hydJ"oxyretinoic acid (1) and 3-dehydroretinoic acid (2) ru·e indicated. 
hydJ·ophobic conjugates (presumably fatty acyl esters) of retinol 
and dehydJ·oretinol, respectively. The ratio between esterified 
retinol of subfraction II and o·ee retinol of subo·action I is 
approximately 2.5:1 (range 2:1-"3:1 in 5 experiments) . 
The second extract (Fraction B) , containing acidic-apolar 
compounds, was analyzed by HPLC in 15% H 20-acetonitrile at 
pH 4 (Fig 4). Peaks can be seen at the positions corresponding 
to 13-cis and all-trans retinoic acid. This material was collected 
from several runs and rechromatographed under different con-
ditions (see under Methods). The peaks assigned to retinoic 
acid shifted characteristically when the solvent pH was raised 
o·om 4 to 7. Also the reduction with LiAlH.1 yielded a new peak 
at the position of retinol. The material djd not suffice for a 
complete spectral analysis but the 340/360 nm extinction ratio 
at HPLC was identical to that of retinoic acid. The small peak 
at the position of dehydJ·oretinoic acid (Fig 4) did not allow a 
further characterization. 
The polar material remaining in the water phase (Fraction 
C) was treated with alkali in order to release conjugated reti-
noids, acidified to pH 4 and extracted with PE. HPLC of the 
material (not shown) revealed a small peak at the position of 
all-trans retinoic acid having an identical 340/3660 nm extinc-
tion ratio. This suggests that small amounts of retinoic acid 
(less than in n-action B) occur as a polar conjugate in fraction 
C. No other retinoids were detected in this fraction. 
Quantitative Analy is-Hydrolyzed Epidermis 
In a pilot experin1ent, pure retinoids were added to the 
hydJ·olysis mixture to investigate their recoveries in the final 
HPLC assays. Retinyl acetate and retinyl palmitate were both 
completely converted into retinol and recovered as such in the 
first (alkaline) extract together with anhydJ·oretinol and all the 
alcoholic retinoids of Fig 1. The recovery in each case was 
between 60 and 70%. The cis-trans isomerization rates were less 
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than 10% when measured by the appearance of an extra HPLC 
peak in the proximity of the original peak. In the case of all-
trans retinol (and retinoic acid-see below) , the extra peak 
corresponded to the 13-cis isomer. 
None of the aldehyde retinoids (Fig 1) was detectable after 
hydrolysis and no new peaks appeared either. Clearly, this 
procedure cannot be used for the analysis of these compounds, 
but fortunately they do not appear in significant amounts in 
normal skin (see above). 
Ro 10-9359 and 22-5356 were de-esterified to Ro 10-1670 and 
4-0H-retinoic acid, respectively, and recovered as such in the 
second (acidic) extract together with the other acidic retinoids 
of Fig. 1. The recoveries amounted to 35-45% and the cis-trans 
isomerization rates were about 30% for all components. 
In Fig 5, typical chromatograms of the retinoids obtained 
from 30 mg of hydrolyzed epidermis are shown. Three compo-
nents predominate in the first extract (Fig 5 a), namely, the 
added internal standard (Ro 12-0586), dehydroretinol and re-
tinol. In Fig 5 b, the HPLC trace of the second extract contain-
ing acidic retinoids shows that the contamination by other 
lipids is considerable and the internal standard (Ro 10-1670) 
and 2 small peaks of retinoic acid appeal' in the tailing first 
peak. 
By adding standard amounts of retinol, dehydroretinol and 
retinoic acid, linear relationships between the peak height and 
mass ratios could be established (Fig 6). The interceps on the 
y-axis represent the endogenous amounts of retinoid in the 
sample used in the assay. The working curves for retinol and 
dehydroretinol are derived by subtracting the intercepts. The 
precision of the method was determined by analyzing 7 epider-
mal samples (30 mg of each) from a single specimen of skin. 
The coefficient of variation for the analysis of retinol was 9% 
and for dehydroretinol 12%, the mean concentration being 180 
and 20 ng/g wet weight, respectively. The concentration of 
retinoic acid was not readily measureable in th ese specimens 
(i.e., less than 10 ng/g). 
DISCUSSION 
The natural retinoids encompass a large number of deriva-
tives with a wide spectrum of chemical properties. Their light 
absorption maxima range from 280 to over 400 nm [14] but 
fortunately the spectra are broad so that most retinoids are 
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FIG 5. HPLC of PE-extracts of hydrolyzed epidermis (conditions as 
in Fig 2 c). a, Non-acidic retinoids. Known positions for Ro 12-0586 
(i.s. ), 3-0H-retinol (1) , 4-0H retinol (2), dehydroretinol, retinol and 
anhydroretinol (3) are indicated. b, Acidic retinoids. Known positions 
for Ro 10-1670 (i.s.), and the 2 isomers of retinoic ac id are indicated. 
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3 
F1G 6. Calibration curves for retinol (u.pper) , dehydroretinol (m.id-
die) and retinoic acid (lower) obtained by the hydrolytic procedure in 
the presence of 30 mg of epidermis (HPLC peak height ratio us mass 
ratios-see under Methods). 
detectable at 340-360 nm. Some retinoids are extremely hydro-
phobic (e.g., the fatty acyl esters) whereas other, such as 
retinoyl glucuronide [15], are hydrophilic. Although the major-
ity of the retinoids are uncharged at all pH:s, some are nega-
tively charged in alkaline solutions (= acidic retinoids). All 
these differences complicate the analysis, especially of a tissue 
like the epidermis which is difficult to extract and only conta ins 
minute amounts of retinoids. 
In earlier investigations of the vitamin A composition of 
normal epidermis, no analyses of individual retinoids seem to 
have been undertaken [2,16,17]. In the present study, the reti-
noids were analyzed separately by combining HPLC with an 
initial purification based on differences in acidity and polarity 
of the various compounds. The phase distribution technique 
reduces both the number of retinoids in each fraction and the 
contamination by other lipids. This technique also supplies 
supplementary structural evidence. For example, retinoic acid 
and the aromatic retinoid Ro 10-1670 were found to have 
characteristic pKa-values that distinguish them I'rol11 related 
retinoids (see under M ethods) . 
The discovery of all-trans retinol in extracts of normal epi-
dermis was anticipated [2,4,17] bu t the finding that about 2/3 
of the retinol forms esters with fatty acids has not prev iously 
been reported. This proportion agrees with the da ta available 
for rat intestinal mucosa [18] and pigment epithelia of tadpoles 
[19] but is different from that of vitamin A in blood and liver 
[25]. Others have shown that retinol can also form esters with 
phosphate and that retinyl phosphate is formed by cultured 
mouse keratinocytes [20, 21]. This compound and its glycosyl-
ated derivatives [20] are hydrophilic and release either retinol 
[22] or anhydroretinol [23] on hydrolysis. In the present study, 
none of these 2 compounds was encountered after alkali treat-
ment of the polar fraction of the epidermal extract. Thus, 
indirect evidence suggests that retinyl phosphate is not a major 
constituent of human epidermis. Further studies are needed, 
however, to clarify this matter. 
Anhydroretinol, a known metabolite of vitamin A in trans-
formed fibroblasts [24], could not be detected in any of the 
extracts of human epidermis examined (Fig 2 and 5). Attempts 
to demonstrate hydroxylated retinol were similarly unsuccessful 
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but they do not exclude the possible occunence of small 
amounts of these compounds. 
The finding of dehydroretinol in extracts of normal human 
epidermis is of interest since it previously had only been found 
in amphibians and certain fishes [25). More recently, dehydro-
retinol has also been demonstrated in increased amounts in 
hydrolyzed specimens of psoriatic skin [4). The possibility that 
dehydroretinol is an artifact formed during alkaline hydrolysis 
was not examined. Plausible congeners are for example, 3-0H-
retinol and 4-0H-retinol. The present study shows that none of 
these or the other retinoids studied (Fig 1) are converted to 
dehydroretinol during the alkaline hydrolysis. Since free dehy-
droretinol is not detected in unhydrolyzed samples (Fig. 2 b), 
this and other results (Fig 2 c) suggest that dehydroretinol 
occurs in epidermis as a hydrophobic conjugate-presumably' 
a fatty acyl ester. 
The metabolism of vitamin A involves the oxidation ofretinol 
to retinaldehyde and retinoic acid [10, 26). It is therefore of 
interest to explore the distribution of these derivatives in hu-
man epidermis. Retinaldehyde was not detected in significant 
amounts in extracts of lyophilized epidermis (Fig 2 b). Unfor-
tunately, the improved analysis could not be used because 
retinaldehyde and analogs do not survive alkaline hydrolysis. 
Retinoic acid can be partially purified from lyophilized samples 
(Fig. 4) . The small amounts detected (less than 1/20 that of 
retinol) precluded a complete characterization but available 
data suggest that it represents a mixture of 13-cis/transisomers 
ofretinoic acid with and without attached hydrophilic elements. 
Related compounds have been reported in other biological 
samples [15,26-28). Importantly, cis-trans isomerizations may 
also occur during the purification [27). Additionally, several 
unidentified peaks were observed in the chromatograms, some 
of which had characteristics resembling, but not identical to 
those of the pure retinoids available. 
Extracts of lyophilized epidermis are for several reasons 
unsuitable for quantitative determinations of retinoids. Hy-
drolysis of the sample increases the extraction rates and reduces 
the number of retinoids in the extracts to that of the unconju-
gated congeners. A separate analysis of nonacidic and aci<lic 
retinoids is advantageous and can be accomplished by two 
consecutive extractions at different pH, each with its own 
internal standard. Using HPLC, the detection limit for most 
retinoids is about 1 ng. In practice, 10-30 mg of hydrolyzed 
epidermis is sufficient for the analysis of retinol and dehydro-
retinol (Fig 5). The results thus obtained in human skin biopsies 
are described separately [5). The acidic retinoids are less effi-
ciently analyzed and the procedure is not sensitive enough for 
adequate measurements of endogenous levels of retinoic acid in 
small skin biopsies. The method is valuable, however, for mon-
itoring therapeutically induced, higher skin levels of acidic 
retinoids provided that appropriate internal standards are used 
(Rollman and Vahlquist, to be published). 
Note added in proof: A compound with the characteristics of 
unconjugated 3-dehydroretinol (same mobility at HPLC and identical 
340/360 nm absorption ratio) has since been found in methanol extracts 
of hyperkeratotic epidermis from patients with Darier's disease. In the 
same extract, retinol was present in a 2:1 excess of 3-dehydroretinol. 
Hydrolysis of the skin sample, on the other hand, released twice as 
much 3-dehydroretinol as retinol. If the extent of esterification is similar 
in normal and diseased epidermis (i.e. about 60% for retinol) , the results 
imply that 90% of dehydroretinol is usually in the esterified form. 
Considering the small amounts of this retinoid in normal epidermis it 
is conceivable that the residual 10% of free 3-dehydroretinol are difficult 
to detect (Fig 2) . 
The valuable discussions with Dr B. Pawson, Prof. G. Pitt and Mr. 
U. Pettersson are gratefully acknowledged. Mrs. S . Gebre-Medhin and 
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